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more quickly and is therefore preferable for use near populated areas, 
particularly brown field sites. Other soil types are better served by impact 
driving, but this can cause problems from noise and shock waves. Legislation, 
particularly concerning health and safety, is becoming increasingly strict in 
respect of vibration and noise created by piling operations, and this presents a 
further factor influencing the choice of technique. 

It is therefore conventional to build apparatus in a variety of different 
sizes and operating in a variety of different ways, so that an appropriate 
apparatus can be chosen for a particular situation. Unfortunately, problems 
with delay can then occur if it is found that the choice was inappropriate. 
Alternatively, equipment may be provided unnecessarily, so that alternatives 
are available on-site if required, but remain unused if not. 

The present invention seeks to obviate or mitigate these or other 
disadvantages of the prior art. 

The invention provides actuator apparatus comprising piston means 
operable to create driving forces from a supply of pressurised fluid, and valve 
means operable to supply pressurised fluid to the piston means according to a 
predetermined sequence, to cause the apparatus to execute a first operation, the 
valve means and the piston means being housed within a common member, 
and the valve means or the piston means or both being removable from the 
common member for replacement by an alternative means operable within the 
common member to cause the apparatus to execute an alternative operation. 

We have realised that an actuator according to the invention can be used 
to apply vibration, impact or static forces to pile elements and also to tooling 
such as a compaction plate, an auger or mandrel, or demolition shears or 
cutters. Preferably the valve means is removable for replacement with an 
alternative valve means operable to supply fluid according to an alternative 
sequence. The valve means may comprise a spindle movable within a housing, 
there being hydraulic ports in the housing walls, and the spindle carrying 
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partitions which serve to change the connections between the hydraulic ports in 
accordance with the spindle position. The spindle is preferably rotatable to 
provide port connections in accordance with the predetermined sequence. The 
spindle may be axially movable to change the predetermined sequence. The 
spindle may have a first axial position at which a wider fluid path is provided to 
one face of the piston means than to the other, and be movable to a second 
axial position at which a narrower fluid path is provided to the said one face 
than to the other. The valve means may have a port having a width which is 
not constant in the axial direction of the spindle, whereby the effective width of 
the fluid path to the piston means can be set by setting the axial position of the 
spindle. The spindle may provide drive alternatively to opposite faces of a 
piston of the piston means, whereby to create reciprocation. 

The spindle may be formed to complete a plurality of cycles of the piston 
means for each full turn of the spindle. The spindle may have a first axial 
position in which a first number of cycles are completed for each full turn of 
the spindle and a second axial position in which a different number of cycles is 
completed for each full term. The fluid path to the piston means may be 
relatively narrow in the first axial position, and relatively wide in the second 
axial position. 

The valve means may comprise at least one member which is movable to 
alternative positions to cause the predetermined sequence to change in 
accordance with its position. Preferably, the said member is movable as 
aforesaid while the apparatus is operating. 

The apparatus may further comprise intermediate means to which 
driving forces are provided by the piston means, and which convey driving 
forces to an item being driven. The item may be an item of tooling or a pile 
element. The intermediate member may provide for movement to align the 
tooling and may be operable hydraulically or pneumatically. The intermediate 
member may convey forces to clamping members by which a workpiece may 
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Fig. 14 shows the actuator 10 in use with an auger 132 to which the 
actuator 10 applies vibratory or impact forces to improve the effectiveness of 
the auger. An arrangement (now shown) may be provided to allow the auger 
132 to be turned while being driven by the actuator 10. 

It will be apparent that many variations and modifications can be made 
to the apparatus as described above without departing from the scope of the 
present invention. In particular, many features can be used interchangeably in 
combinations other than those described, which is a particular benefit of the 
invention. The block member could be assembled from more than one part. 
Many other piston operation sequences could be devised by appropriate 
modification of valve arrangements, so that operation of a machine can be 
modified at will by the simple expedient of appropriate modification to the 
valve assembly, thus retaining the machine flexible in its application. 

Whilst endeavouring in the foregoing specification to draw attention to 
those features of the invention believed to be of particular importance it should 
be understood that the Applicant claims protection in respect of any patentable 
feature or combination of features hereinbefore referred to and/or shown in the 
drawings whether or not particular emphasis has been placed thereon. 
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CLAIMS 

1. Actuator apparatus comprising piston means operable to create driving 
forces from a supply of pressurised fluid, and valve means operable to supply 
pressurised fluid to the piston means according to a predetermined sequence, 
to cause the apparatus to execute a first operation, the valve means and the 
piston means being housed within a common member, and the valve means or 
the piston means or both being removable from the member for replacement by 
an alternative means operable within the common member to cause the 
apparatus to execute an alternative operation. 

2. Apparatus according to claim 1, wherein the valve means is removable 
for replacement with an alternative valve means operable to supply fluid 
according to an alternative sequence. 

3. Apparatus according to claim 1 or 2, wherein the valve means comprise a 
spindle movable within a housing, there being hydraulic ports in the housing 
walls, and the spindle carrying partitions which serve to change the connections 
between the hydraulic ports in accordance with the spindle position. 

4. Apparatus according to claim 3, wherein the spindle is rotatable to 
provide port connections in accordance with the predetermined sequence. 

5. Apparatus according to claim 3 or 4, wherein the spindle is axially 
movable to change the predetermined sequence. 

6. Apparatus according to claim 5, wherein the spindle has a first axial 
position at which a wider fluid path is provided to one face of the piston means 
than to the other, and is movable to a second axial position at which a narrower 
fluid path is provided to the said one face than to the other. 

7. Apparatus according to claim 5 or 6, wherein the valve means has a port 



WO 00/29678 




PCT/GB99/03785 



having a width which is not constant in the axial direction of the spindle, 
whereby the effective width of the fluid path to the piston means can be set by 
setting the axial position of the spindle. 

8. Apparatus according to any of claims 3 to 7, wherein the spindle 
provides drive alternatively to opposite faces of a piston of the piston means, 
whereby to create reciprocation. 

9. Apparatus according to any of claims 3 to 8, wherein the spindle is 
formed to complete a plurality of cycles of the piston means for each full turn 
of the spindle. 

10. Apparatus according to claim 9, wherein the spindle has a first axial 
position in which a first number of cycles are completed for each full turn of 
the spindle and a second axial position in which a different number of cycles is 
completed for each full term. 

11. Apparatus according to claim 10, wherein the fluid path to the piston 
means is relatively narrow in the first axial position, and relatively wide in the 
second axial position. 

12. Apparatus according to any preceding claim, wherein the valve means 
comprise at least one member which is movable to alternative positions to 
cause the predetermined sequence to change in accordance with its position. 

13. Apparatus according to any preceding claim, further comprising 
intermediate means to which driving forces are provided by the piston means, 
and which convey driving forces to an item being driven. 

14. Apparatus according to claim 13, where the item is an item of tooling or 
a pile element. 

15. Apparatus according to claim 13 or 14, where the intermediate member 
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provides for movement to align the tooling. 

16. Apparatus according to claim 15, where the alignment movement is 
proviced hydraulically or pneumatically. 

17. Apparatus according to any of claims 13 to 16, in which the intermediate 
member conveys forces to clamping members by which a workpiece is clamped, 
in use. 

18. Apparatus according to any of claims 13 to 17, wherein the clamping 
members extend at an angle to the intermediate means to allow side or end 
clamping of a workpiece. 

19. Apparatus according to any of claims 13 to 18, wherein the intermediate 
means is elongate. 

20. Apparatus according to claim 19, wherein the intermediate means 
extends to one side of the common member. 

21 Apparatus according to claim 18, 19or 20, wherein the clamping 
members extend substantially perpendicular to the intermediate means. 

22. Apparatus according to any of claims 13 to 2 1, wherein the intermediate 
means extend through a passage within the piston means, and have enlarged 
heads against which the piston means may act in either of two opposite 
directions. 

23. Apparatus according to any preceding claim, comprising resilient 
members against which the piston menas acts, in use. 

24. Apparatus according to claim 23, wherein the piston means are isolated 
by the resilient members from direct impacts, whereby to create vibratory 
driving forces. 



WO 00/29678 

19 



PCT/CB99/03785 



25. Apparatus according to claims 23 or 24, wherein the piston means create 
impact forces when the resilient members are fully compressed. 

26. Apparatus according to any preceding claim, wherein the apparatus is 
adapted for resilient attachment to a mounting arrangement by means of which 
the apparatus may be supported by a conventional support arrangement. 

27. Apparatus according to claim 26, wherein the support arrangement is 
provided by a conventional excavator or like machine. 

28. Apparatus according to claim 27, wherein the support machine is 
operable to apply crowd forces to the apparatus. 

29. Apparatus according to claim 27 or 28, wherein the support machine is 
able to supply pressurised fluid to the apparatus. 

30. Actuator apparatus substantially as described above, with reference to 
the accompanying drawings. 

31. Any novel subject matter or combination including novel subject matter 
disclosed herein, whether or not within the scope of or relating to the same 
invention as any of the preceding claims. 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/GB99/03785 



I. Basis of the report 

1 This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed 0 and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 1 7).y. 
Description, pages: 



1,4-14 
2,3,15 



as originally filed 
as received on 



02/1 2/2000 with letter of 



30/1 1/2000 



Claims, No.: 
1-26 



as received on 



02/1 2/2000 with letter of 



30/11/2000 



Drawings, sheets: 

1/12-12/12 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 
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III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 
H claims Nos. 26. 

because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specify): 

H the description, claims or drawings {indicate particular elements beloW) or said claims Nos. 26 are so unclear 
that no meaningful opinion could be formed {specify: 
see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination report cannot be carried out due to the failure of the nucleotide 
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□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 
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Novelty (N) 



Yes: 
No: 
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Claims 
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Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



1-25 



Industrial applicability (IA) 



Yes: 
No: 



Claims 
Claims 



1-25 



2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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INTERNATIONAL PRELIMINARY International application No. PCT/GB99/03785 
EXAMINATION REPORT - SEPARATE SHEET 

Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

Claim 26 relies on reference to the description and drawings and is therefore rendered 
unclear in scope, contrary to Article 6, cf. further PCT/GL/III 4.10. 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. Document US-A-4371042 discloses with reference to Fig.1 an actuator apparatus 
comprising piston means (2)operable to create driving forces from a supply of 
pressurised fluid, and valve means (6) operable to supply pressurised fluid to the piston 
means according to a predetermined sequence, to cause the apparatus to execute an 
operation, the valve means and the piston means being housed within a common 
member (1). 

The subject-matter of claim 1 differs from what is known from said document (the said 
operation being termed as a first operation) in that the valve means or the piston 
means or both are removable from the member for replacement by an alternative 
means operable within the common member to cause the apparatus to execute an 
alternative operation, and through the features of the or each valve means as further 
recited in the characterising portion of said claim. Therefore claim 1 and thus claims 2- 
25 appended thereon fulfill the criteria set forth in Article 33(2). 

2. The problem underlying the present invention may be formulated as to provide an 
actuator apparatus of the type set forth the operational mode of which can be readily 
adated to various factors encountered. 

This object of versatility is achieved by replacement of the valve means, the piston 
means, or both by an alternative valve, respectively piston means to cause the 
apparatus to execute an alternative operation to the first operation, said versatility 
being enhanced by the features of the or each valve means which allow for a same 
valve means for changing the predetermined sequence. 
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The arrangement according to the above cited US-A-4371042 aims at facilitating 
removal of the valve means for maintenance or exchange purposes, though with no 
specific disclosure to such exchange being linked to the object of providing an 
alternative operation of the actuator. 

The object of providing an alternative operation of a valve means for a same actuator is 
addressed in document EP-A-0388498 (cf. col.3/1.7-11) and solved (cf.col3/l29-42) by a 
readily exchangeable valve means adapted to the alternative operation. 

It is further known from document DE-A-1 957469 to modify the sequence of a piston 
means by providing a rotatable arrangement of a control valve for said piston. 

None of the available prior art nor a combination thereof would however suggest to the 
skilled person the combination of features as recited in the characterising portion of 
claim 1 , thus achieving the intended object of an enhanced versatility of the actuator 
apparatus. Claim 1, and therefore dependent claims 2-25, thus also fulfill the criteria set 
forth in Article 33(3), their subject-matter involving an inventive step. 

Re Item VII 

Certain defects in the international application 

1 . Document EP-A-0388498 cited in Item V, paragraph 2, is considered to represent 
the closest state of the art in view of the similarities of the problems addressed. (2p 
form not appropriate ...) 



Re Item VIII 

Certain observations on the international application 

Clarity of alternative means in cl.1 (replace by alternative valve, respectively piston 
means) 

"term" in claim 7 sholdhave read n turn". 
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more quickly and is therefore preferable for use near populated areas, 
particularly brown field sites. Other soil types are better served by impact 
driving, but this can cause problems from noise and shock waves. Legislation, 
particularly concerning health and safety, is becoming increasingly strict in 
respect of vibration and noise created by piling operations, and this presents a 
further factor influencing the choice of technique. 

It is therefore conventional to build apparatus in a variety of different 
sizes and operating in a variety of different ways, so that an appropriate 
apparatus can be chosen for a particular situation. Unfortunately, problems 
with delay can then occur if it is found that the choice was inappropriate. 
Alternatively, equipment may be provided unnecessarily, so that alternatives 
are available on-site if required, but remain unused if not. 

The present invention seeks to obviate or mitigate these or other 
disadvantages of the prior art 

The invention provides actuator apparatus comprising piston means 
operable to create driving forces from a supply of pressurised fluid, and valve 
means operable to supply pressurised fluid to the piston means according to a 
predetermined sequence, to cause the apparatus to execute a first operation, the 
valve means and the piston means being housed within a common member, and 
the apparatus being characterised in that the valve means or the piston means 
or both being removable from the member for replacement by an alternative 
means operable within the common member to cause the apparatus to execute 
an alternative operation, and wherein the or each valve means comprise a valve 
arrangement rotatable within a housing, there being ports in the housing walls 
for pressurised fluid, and the valve arrangement carrying partitions which serve 
to change the connections between the fluid ports in accordance with the 
predetermined sequence as the valve arrangement rotates, and wherein the 
valve arrangement of the or at least one of the valve means is axially movable to 
change the predetermined sequence. 
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We have realised that an actuator according to the invention can be used 
to apply vibration, impact or static forces to pile elements and also to tooling 
such as a compaction plate, an auger or mandrel, or demolition shears or 
cutters. Preferably the valve means is removable for replacement with an 
alternative valve means operable to supply fluid according to an alternative 
sequence. The valve arrangement may have a first axial position at which a 
wider fluid path is provided to one face of the piston means than to the other, 
and be movable to a second axial position at which a narrower fluid path is 
provided to the said one face than to the other. The valve means may have a 
port having a width which is not constant in the axial direction of the valve 
arrangement, whereby the effective width of the fluid path to the piston means 
can be set by setting the axial position of the valve arrangement. The valve 
arrangement may provide drive alternatively to opposite faces of a piston of the 
piston means, whereby to create reciprocation. 

The valve arrangement may be formed to complete a plurality of cycles 
of the piston means for each full turn of the valve arrangement. The valve 
arrangement may have a first axial position in which a first number of cycles 
are completed for each full turn of the valve arrangement and a second axial 
position in which a different number of cycles is completed for each full term. 
The fluid path to the piston means may be relatively narrow in the first axial 
position, and relatively wide in the second axial position. 

The apparatus may further comprise intermediate means to which 
driving forces are provided by the piston means, and which convey driving 
forces to an item being driven. The item may be an item of tooling or a pile 
element. The intermediate member may provide for movement to align the 
tooling and may be operable hydraulically or pneumatically. The intermediate 
member may convey forces to clamping members by which a workpiece may 
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Fig. 14 shows the actuator 10 in use with an auger 132 to which the 
actuator 10 applies vibratory or impact forces to improve the effectiveness of 
the auger. An arrangement (now shown) may be provided to allow the auger 
132 to be turned while being driven by the actuator 10. 

It will be apparent that many variations and modifications can be made 
to the apparatus as described above without departing from the scope of the 
present invention. In particular, many features can be used interchangeably in 
combinations other than those described, which is a particular benefit of the 
invention. The block member could be assembled from more than one part. 
Many other piston operation sequences could be devised by appropriate 
modification of valve arrangements, so that operation of a machine can be 
modified at will by the simple expedient of appropriate modification to the 
valve assembly, thus retaining the machine flexible in its application. 
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16 
CLAIMS 

1. Actuator apparatus (10) comprising piston means (18) operable to create 
driving forces from a supply of pressurised fluid, and valve means (56) operable 
to supply pressurised fluid to the piston means according to a predetermined 
sequence, to cause the apparatus to execute a first operation, the valve means 
and the piston means being housed within a common member (12), and the 
apparatus being characterised in that the valve means or the piston means or 
both being removable from the member for replacement by an alternative 
means operable within the common member to cause the apparatus to execute 
an alternative operation, and wherein the or each valve means comprise a valve 
arrangement rotatable within a housing (20). there being ports (64,66,72,82,88, 
89,100,104,107) in the housing walls for pressurised fluid, and the valve 
arrangement carrying partitions (84) which serve to change the connections 
between the fluid ports in accordance with the predetermined sequence as the 
valve arrangement rotates, and wherein the valve arrangement of the or at least 
one of the valve means is axially movable to change the predetermined 
sequence. 

2. Apparatus (10) according to claim 1, characterised in that the valve 
means (56) is removable for replacement with an alternative valve means 
operable to supply fluid according to an alternative sequence. 

3. Apparatus (10) according to claim 1, characterised in that the valve 
arrangement (56) has a first axial position at which a wider fluid path is 
provided to one face of the piston means (18) than to the other, and is movable 
to a second axial position at which a narrower fluid path is provided to the said 
one face than to the other. 

4. Apparatus (10) according to claim 1. 2 or 3, characterised in that the 
valve means (56) has a port (96A) having a width which is not constant in the 
axial direction of the valve arrangement, whereby the effective width of the 
fluid path to the piston means (18) can be set by setting the axial position of the 
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valve arrangement. 

5. Apparatus (10) according to any preceding claim, characterised in that 
the valve arrangement (56) provides drive alternatively to opposite faces of a 
piston (18) of the piston means, whereby to create reciprocation. 

6. Apparatus (10) according to any preceding claim, characterised in that 
the valve arrangement (56) is formed to complete a plurality of cycles of the 
piston means (18) for each full turn of the valve arrangement. 

7. Apparatus (10) according to claim 6 f characterised in that the valve 
arrangement (56) has a first axial position in which a first number of cycles are 
completed for each full turn of the valve arrangement and a second axial 
position in which a different number of cycles is completed for each full term. 

8. Apparatus (10) according to claim 7, characterised in that the fluid path 
to the piston means (18) is relatively narrow in the first axial position, and 
relatively wide in the second axial position. 

9. Apparatus (10) according to any preceding claim, characterised by 
further comprising intermediate means (30) to which driving forces are 
provided by the piston means (18), and which convey driving forces to an item 
(38) being driven. 

10. Apparatus (10) according to claim 9, characterised in that the item (38) is 
an item of tooling or a pile element. 

11. Apparatus (10) according to claim 9 or 10, characterised in that the 
intermediate member (30) provides for movement to align the tooling. 

12. Apparatus (10) according to claim 11, characterised in that the alignment 
movement is provided hydraulically or pneumatically. 
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13. Apparatus (10) according to any of claims 9 to 12, characterised in that 
the intermediate member (30) conveys forces to clamping members (16) by 
which a workpiece (38) is clamped, in use. 

14. Apparatus (10) according to any of claims 9 to 13, characterised in that 
the clamping members (16) extend at an angle to the intermediate means (30) to 
allow side or end clamping of a workpiece (38). 

15. Apparatus (10) according to any of claims 9 to 14, characterised in that 
the intermediate means (30) is elongate. 

16. Apparatus (10) according to claim 15, characterised in that the 
intermediate means (30) extends to one side of the common member (12). 

17. Apparatus (10) according to claim 14, 15 or 16, characterised in that the 
clamping members (16) extend substantially perpendicular to the intermediate 
means (30). 

18. Apparatus (10) according to any of claims 9 to 17, characterised in that 
the intermediate means (30) extend through a passage (107) within the piston 
means, and have enlarged heads against which the piston means (18) may act in 
either of two opposite directions. 

19. Apparatus (10) according to any preceding claim, characterised by 
comprising resilient members (57) against which the piston means (18) acts, in 
use. 

20. Apparatus (10) according to claim 19, characterised in that the piston 
means (18) are isolated by the resilient members (57) from direct impacts, 
whereby to create vibratory driving forces. 

21. Apparatus (10) according to claims 19 or 20, characterised in that the 
piston means (18) create impact forces when the resilient members (57) are fully 
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compressed. 



22. Apparatus (10) according to any preceding claim, characterised in that 
the apparatus is adapted for resilient attachment to a mounting arrangement 
(15) by means of which the apparatus may be supported by a conventional 
support arrangement (22). 

23. Apparatus (10) according to claim 22, characterised in that the support 
arrangement (22) is provided by a conventional excavator or like machine. 

24. Apparatus (10) according to claim 23, characterised in that the support 
machine is operable to apply crowd forces to the apparatus. 

25. Apparatus (10) according to claim 23 or 24 t characterised in that the 
support machine is able to supply pressurised fluid to the apparatus. 

26. Actuator apparatus substantially as described above, with reference to 
the accompanying drawings. 
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